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Objective

• To estimate the absolute horizontal and vertical 

geolocation accuracy of a sample of 25 

panchromatic WorldView-1 Basic 1B stereo 

pairs collected using a scan rate of 24,000 lines 

per second (lps)

• End product accuracy assessments

– No correction for off-nadir angle
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25 Stereo Pairs over 25 Test Sites

Collected between 21 March and 26 April 2009.  All products processed on 28 May 2009.
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Definitions of Statistics

• Circular Error 90% (CE90)
– In horizontal plane

– Radial error distance centered at zero within which 
90% of the data points fall

• Linear Error 90% (LE90)
– In vertical dimension

– Absolute value error distance from zero within which 
90% of the data points fall
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DigitalGlobe WorldView-1 Basic 1B 
Stereo Pair Product

DigitalGlobe Statements CE90 and LE90 (m)*

Specification 6.5

Typical Performance 4.0 - 5.5

* At nadir, excluding terrain effects, and with convergence angle of ~35 .

Source: http://www.digitalglobe.com/index.php/48/Products?product_id=23, accessed 25 January 2010.

Processing Geometry
Swath Width 

(km)

Nadir GSD 

(m)

Bit 

Depth

Basic 1B Synthetic Pushbroom 16.4 - 17.6 0.5 11-bit

http://www.digitalglobe.com/index.php/48/Products?product_id=23
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CCAP Absolute Geolocation 

Accuracy Methodology

• General Approach:  Stereo intersection

• Stereo pairs *not* allowed to adjust during 

evaluation
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CCAP Absolute Geolocation 
Accuracy Methodology

1) Load stereo pair onto workstation with SOCET Set®

photogrammetric software

2) Import geometry model support data accompanying 

imagery

– a) NITF 2.1 Commercial Data Requirements 

Document (NCDRD) format rigorous sensor metadata

• Imbedded camera, ephemeris, and attitude information

• Atmospheric refraction (ATMREF) correction turned “on”

– b) Rational polynomial coefficient (RPC) replacement 

geometry model metadata
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CCAP Absolute Geolocation 
Accuracy Methodology

3) Compute ground coordinates of checkpoints from 

test imagery sensor model support data

– Use ground-surveyed control points as checkpoints

– Measure pixel positions (line, sample) of checkpoints

– Hold test imagery fixed (by holding sensor model support data 

fixed) and allow checkpoint ground coordinates to adjust to pixel 

measurements using triangulation tool

• For stereo pairs, each checkpoint is allowed to freely adjust 

(stereo intersection)
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CCAP Absolute Geolocation 
Accuracy Methodology

4) For each checkpoint, subtract ground-surveyed 

coordinates from test-imagery-derived ground 

coordinates

– Results in a list of “ Easting,” “ Northing,” and “ Height” 

values
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CCAP Absolute Geolocation 
Accuracy Methodology

5) For each stereo pair, compute error centroid
– Compute mean “ Easting” and “ Northing” values

• Convert into horizontal “ Radial” value

– Compute mean “ Height” value

• Convert into “absolute-value Height” value

– Additional statistics:

• Number of checkpoints

• Maximums & minimums of Easting, Northing, and Height values

• Standard deviations of Easting, Northing, and Height values

– Each stereo pair represented by single data point for CE90 and 

LE90 estimation
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CCAP Absolute Geolocation 
Accuracy Methodology

Each stereo pair represented by single data point for 

CE90 and LE90 estimation because…

– …test sites have varying number of checkpoints

– …absolute checkpoint errors for metric, narrow field-of-view 

sensors tend to be similar in magnitude and direction 

throughout an image

– …goal of evaluation is to estimate CE90 and LE90 error 

statistics for population of stereo pairs, not individual stereo 

pair
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CCAP Absolute Geolocation 
Accuracy Methodology

6) Estimate CE90 and LE90
– CCAP uses non-parametric estimator (“Percentile Method”)

– Sort “ Radial” or “absolute-value Height” values in ascending 
order

– Cut-off at 90th percentile

• For n data points, 0.9*n + 0.5 defines position in ordered list

• Linearly interpolate from ordered list as required

– Additional statistics:

• Number of stereo pairs

• Maximums and minimums of centroid values

• Standard deviations of centroid values
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90th Percentile Estimator for 

Ordered Statistics
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WorldView-1 Basic 1B

24k lps Re-Evaluation Results
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WorldView-1 Basic 1B (24k lps)
Stereo Horizontal Accuracy

• 25 stereo pairs

• NCDRD support data

• ATMREF correction “on”
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WorldView-1 Basic 1B (24k lps)
Stereo Horizontal Accuracy (n=25)

Estimated Stereo CE90 = 4.5 m

WorldView-1 Basic 1B Stereo                       

Absolute Geolocation Accuracy

(NCDRD Rigorous - ATMREF "on")
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WorldView-1 Basic 1B (24k lps)
Stereo Vertical Accuracy

• 25 stereo pairs

• NCDRD support data

• ATMREF correction “on”
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WorldView-1 Basic 1B (24k lps)
Stereo Vertical Accuracy (n=25)

Estimated Stereo LE90 = 5.4 m

WorldView-1 Basic 1B Stereo                 

Absolute Geolocation Accuracy

(NCDRD Rigorous - ATMREF "on")
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WorldView-1 Basic 1B (24k lps)
NCDRD Rigorous vs. RPC Comparison

• 25 stereo pairs

• RPC - NCDRD Rigorous



Approved for Public Release: NGA Case 10-174

Monitoring Results



Approved for Public Release: NGA Case 10-174

WorldView-1 CE90 Performance
Additional Monoscopic Images

4th Quarter*
(57 Images)

* Actually starting 8/29/2008

1st Quarter
(75 Images)

2nd Quarter
(30 Images)

3rd Quarter
(54 Images)

CE90 = 5.8 m CE90 = 4.4 m CE90 = 5.0 m CE90 = 5.5 m
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Questions?
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